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SPECIFICATION 



TITLE OF THE INVENTION 



Method for searching, physiologically acti ve substances and 



The present invention relates to a method for searching for a 
variety of new physiologically active substances and producing the 
same . 

Background Art: 

Physiologically active substances of unknown types have been 
searched, heretofore, by analyzing substances present in body fluids 
or tissues, and identifying and separating new substances therefrom 
to determine the physiological activities of said substances. 

The prior art method as described above comprises the steps of 
analyzing components in living organisms, searching and isolating new 
substances, and identifying the physiological activities thereof. 
It is obvious, however, that there exist an extremely large number 
of substances within a living organism, and many physiologically 
active substances are often present at very low concentrations, thus 
making it difficult to isolate new substances. Furthermore, because 
living organisms perform a number of physiological activities, it may 
also be difficult to identify the physiological activities of a newly 
isolated substance. As can be appreciated from the above discussion, 
the prior art methods render it difficult to search and isolate new 
physiologically active substances. 



producing the same 



BACKGROUND OF THE INVENTION 



Field of the Invention : 
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SUMMARY OF THE INVENTION 

One aspect of the present invention is to provide a method for 
searching, with more efficiency and a certain degree of predictability, 
new physiologically active substances. 

"Hhe inventor of the present invention found that there may be 
cases wheXe identical receptors have two or more sizes, wherein a 
substance or s qell having a functional antagonism is a receptor of a 
substance preserrtSs^n human body, or wherein a cell or substance having 
a functional antagonism to cells on which a certain substance A causes 
some effects is a receptoisof said substance A present in human body, 
and that the amino acid sequ^ce of the missing part or the spliced 
part has a physiological meaning. For example, calcitonin may be 
bound to a calcitonin receptor present on osteoclasts to suppress the 
deossif ication effected by the osteoclasts, while there are 
osteoblasts that have functional antagonism against the osteoclasts. 
Regarding calcitonin receptors, there are already reported the amino 
acid sequence thereof, but there are reported two or more different 
types having different sizes. The inventor of the present invention 
has predicted that, in case of calcitonin receptors of such types 
having two or more sizes, one domain in the receptor of longer size 
is spliced thereby creating the receptor of shorter size, and that 
said spliced domain may cause effects on osteoblasts having effects 
antagonistic to the effects of osteoclasts on which calcitonin causes 
effects. Upon examination of the spliced domain after chemically 
synthesizing the domain, it was confirmed that this new peptide 
promotes osteogenesis by binding to receptors on the osteoblasts. 
Such confirmation as above showed the correctness of the foregoing 
prediction made by the inventor of the present invention and the 
present invention was made. 

In another words, the present invention provides a method for 
searching for physiological active substances, the method comprising 
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the steps of identifying an amino acid sequence of receptors being 
present in two or more sizes for identical receptors, wherein a 
substance or cell having functional antagonism is a receptor of a 
substance present in human body or a cell or substance having 
functional antagonism to cells on which a substance causes effects, 
and determining which domain in the receptor of longer size is missing 
in the receptor of shorter size. The present invention also provides 
a method for producing physiologically active peptides, the method 
comprising the step of producing the missing domain, or the derivative 
thereof, identified by the method of present invention as described 
above . 

One aspect of the present invention provides for the first time 
a method for searching, with efficiency and a certain degree of 
predictability, for new physiologically active substances. 
According to another aspect of the present invention, new 
physiologically active substances may be identified by analyzing 
receptors of substances associated with functional antagonism, 
thereby eliminating the necessity of isolating, as before in the prior 
arts, physiologically active substances present in a small quantity 
in a sample of human body which includes an extremely large number 
of components. Furthermore, because the physiological activity of 
the identified physiologically active substance is associated with 
said functional antagonism, it may be much easier than before to 
identify the physiological activities thereof. Therefore, according 
to one method of the present invention, it is made possible to identify 
new physiologically active substances in much more efficient way than 
before . 

THE BEST MODE FOR CARRYING OUT THE INVENTION 

According to one method of the present invention, focus is made 
on receptors, wherein a substance or cell having functional antagonism 
is a receptor of a substance present in human body or a cell or substance 
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having functional antagonism to cells on which the substance causes 
some effects. The functional antagonism is a fundamental function 
for the homeostasis in human body and there are a large number of 
substances or cells having mutual antagonisms within human body. 
Examples of receptors, wherein a substance or cell having functional 
antagonism is the receptors of a substance present in human body or 
a cell or substance having functional antagonism to cells on which 
a substance A causes effects is the receptor A present in human body, 
may be found in many receptors, such as Calcitonin receptors 
(osteoclasts on which calcitonin acts shows functional antagonism to 
osteoblasts) , glucagon receptors (glucogan having functional 
antagonism to insulin) , somatostatin receptors (somatostatin having 
functional antagonism to growth hormones) , and parathyroid hormone 
(the hormone having functional antagonism to calcitonin, etc.) and 
the like. Such receptors include but are not limited to 1- 
transmembrane type receptors such as Carcitonin receptors. 

According to one method of the present invention, the amino acid 
sequences or the sizes of such receptors are analyzed to find receptors 
having different sizes and yet being identical receptors. This "S 
process may be performed by identifying a plurality of times the amino 
acid sequences or the sizes of the identified receptors, or by making 
use of literature if reported therein. Some examples of receptors, 
wherein there are receptors having two or more types having different 
sizes while being identical receptors may be found in calcitonin 
receptors, glucagon receptors, somatostatin receptors, and the like. 

After identifying that there are two or more types of receptors 
having different sizes for identical receptors, the amino acid 
sequences of these two or more types of receptors are compared with 
each other to identify which domain in the receptor of longer size 
is missing and thereby rendering it the receptor of shorter size. The 
missing domain in the receptor of shorter size is the physiologically 
active substance having some effects on the functional antagonism. 
In another words, some of the elements in the spliced structure are 



the physiologically active substances. It may be concluded that a 
physiologically active substance is bound to a receptor whereby some 
portion of the receptor is spliced and this spliced piece of the 
receptor shows some physiological activity, such as a controlling 
effect on the functional antagonism. It was confirmed, for example, 
that, as shown in the examples below, the missing domain in a calcitonin 
receptor is bound to a receptor present on a osteoblast thereby 
promoting osteogenesis. 

Since the missing domain identified by the above-described 
method has physiological activities, a physiologically active 
substance may be obtained by producing such domain. In most cases, 
the missing domain comprises peptides of relatively short sizes, and 
therefore, in such cases, a commercially available peptide 
synthesizer may be used to easily produce by chemically synthesizing 
the physiologically active substances. Alternatively, such 
substances may be produced by using a method of gene engineering type 
according to known methods. 

The physiological activity of the physiologically active 
substance thus obtained is related to the above-mentioned functional 
antagonism, and therefore, the activity can be easily confirmed by 
any of suitable methods applicable depending on each functional 
antagonism. 

It is well-known to those skilled in the Art that, in peptides 
having physiological activities in general, the physiological 
activity thereof may be maintained even when some of the amino acids 
thereof are substituted by other amino acids, or when some amino acids 
are added, or when some of the amino acids are missing. Therefore, 
the present invention includes a method for producing a substance 
which has physiological activities inherent to physiologically active 
substances comprising the said missing domain, wherein some of the 
amino acids constituting the missing domain are replaced with other 
amino acids, or some other amino acids are added to amino acids 
constituting the missing domain, or some of the amino acids are missing 



from the amino acids constituting the missing domain. (Foregoing 
substance is referred to hereinafter in the present application as 
"derivative" of the missing domain.) Such a derivative preferably 
has not less than 70%, and more preferably 90%, of homogeneity with 
the above-mentioned missing domain. 

EXAMPLES 

The present invention is more specifically described below with 
reference to examples. It should be noted, however, that the present 
invention is not limited to the following examples. 

[Example 1] 

Identification of the missing domain of calcitonin receptor: 
The amino acid sequences of calcitonin receptors are described 
in Journal of Clinical Investigation, Vol. 90, No. 5 (1992). When 
the described amino acid sequences of calcitonin receptors described 
in the above reference are compared, the amino acids at 175th through 
190th sequence positions of the amino acid sequence of the longer 
receptor are missing in the amino acid sequence of the shorter receptor. 
The amino acid sequence of the missing domain is shown in Sequence 
1. 

[Example 2] Production of peptides: 

By using a commercially available peptide synthesizer, a 
peptide having the amino acid sequence shown in Sequence 1 was 
synthesized. 

[Example 3] Proliferation promotion of osteoblasts: 

ROS cells from a rat, which are osteoblasts, (available from 
ATCC) were cultured in F10 growth medium containing 10% fetal bovine 
serum (available from Dainippon Pharmaceutical) , and incubated in a 
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chamber of constant temperature of 37 ° C under humidified air 
containing 5% of C02 gas. Using trypsin treatment, the cells were 
disseminated into a 24-well culture plate at the rate of 1 x 105 
cells/well, and when the colonies became confluent, the medium was 
replaced with F10 medium having 1% of fetal bovine serum and were 
cultured for 24 hours. Then the peptide of the present invention 
produced in Example 2 was dissolved into F10 medium having 1% of fetal 
bovine serum, which was added to the wells at varying quantities, and 
the culturing was continued for additional 24 hours. After the 
culturing, the effect of 

promotion ofVell proliferation by the peptide was measured by using 
MTT assay to determine the level of proliferation promotion effect 
as compared to t^e samples without any treatment. In this case, MTT 
assay and the calculation of proliferation promotion ratio were 
performed as follows: according to the protocol of MTF-Cell-Growth 
ssay kit commerciaYly available from Funakoshi, Co., Ltd., the 
substance of the present invention was added to the wells at varying 
quantities and then it\was left for one day and night, followed by 
counting by using colorirh^etry the number of living cells, making use 
of the phenomena where Cleavage of MTT (3-4,5 Dimethylthiazol- 
2YL) -2,5 Diphenyl TetrazoliV bromide to dark blue forma zan by enzymes 
present in the mitochondria of a living cell. The following results 
in colorimetric value were obtained by adding varying quantities of 
the substance of the present invention, while the value for the control 
group to which no substance of tne present invention is added being 
at 100%. The results are shown ir\ Table 1, below. 

Table 1: 

Peptide added Rate of proliferation promotion 

(/zg/well) (%) 
0 100.0 
0.001 109.6 
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0.01 



110.5 



0.1 



636.2 



1.0 



1317 . 1 



As can be seen from Table 1, the peptide identified according 
to the method of the present invention was confirmed to cause effects 
in promoting the proliferation for osteoblasts. Thus the peptide of 
the present invention is thought to cause a increase in bone density, 
and thus may be useful in the treatment of osteopathy, such as 
osteoporosis and the like. 

IJ [Example 3] Presence on osteoblasts of the receptors of the peptides 



of the present invention: 

The peptides of the present invention was found to have 
promotional effect of proliferation of osteoblasts, whereby it is 
estimated that osteoblasts have receptors of the peptides of the 
present invention. If the receptors are present, the peptide of the 
present invention may be thought to be a fundamental substance for 
life, and therefore, it was investigated whether there are receptors 
on osteoblasts. 

The peptide obtained in Example 2 was labeled with biotin, and 
the peptide of the present invention labeled to a predetermined 
quantity was added to ROS cells cultured in a similar method as in 
Example 3, followed by dissolving, to effectuate a competitive 
reaction, into F10 medium having 10% of fetal bovine serum the peptide 
of the present invention not labeled and thereafter by adding while 
the quantity is varied to observe the competitive reaction. The 
foregoing experimental operation was performed more specifically as 
follows : the peptide of the present invention was biotinated according 
to the protocol of Protein Biotin-Labeling kit from SUMILON Co., and 
a predetermined quantity of the biotinated peptide was added to a 
predetermined number of cells disseminated in wells, followed by 
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adding 0 - 0.512 ju g/well of non-labeled peptide was added to each 
well to effectuate a competitive reaction for 6 hours, and thereafter, 
the cells were rinsed with PBS and the biotinated peptides bound to 
receptors of the cell surface was reacted with peroxidase labeled by 
streptoadipin to observe a color development reaction. When any 
receptor of the peptides of the present invention is present on the 
cell surface, a competitive reaction with the peptides of the present 
invention which are not labeled is effected and the color intensity 
is decreased. The results are shown in Table 2 below: 




As shown in Table 2, the ratio to the added amount of peptides 
of labeled type varies depending on the added amount of the peptides 
of non-labeled type, and therefore, it is obvious that the osteoblasts 
have receptors for the peptide of the present invention and it is 
implied that the substance of the present invention plays a 
fundamental role. 

[acute toxicity test] 

An acute toxicity test of the peptide produced in Example 2 was 
performed by using ddy male mice (weight 40-45 grams) . The peptide 
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of the present invention was dissolved into a saline solution (pH 6.0) 
to administer the solution through the caudal vein, and thereafter, 
the mice were subjected to observation for 14 days. The dosage was 
set at 1, 10, and 100 fig/kg. The results are shown in Table 3 below: 



iJLJ 



Table 3: 

Dosage Mortality 
( ix g/kg) 

1 0/5 

10 0/5 

100 0/5 

[Example 4] Identification of the missing domain in Glucagon 
receptors : 

Using the same methodology as in Example 1, the amino acid 
sequences of Glucagon receptors described in FEBS Letters 351 (1994) , 
pp. 271-275, were compared to identify the amino acid sequence of the 
domain being present in the receptors of longer size but missing in 
the receptors of shorter size. The amino acid sequence of the missing 
domain thus identified is shown in Sequence 2. 



[Example 6] Identification of the missing domain in Somatostatin 
receptors : 

Using the same methodology as in Example 1, the amino acid 
sequences of Somatostatin receptors described in Molecular 
Pharmacology, 44: pp. 1008-1015 (1993), were compared to identify the 
amino acid sequence in the domain being present in the receptors of 
longer size but missing in the receptors of shorter size. The amino 
acid sequence of the missing domain thus identified is shown in 
Sequence 3. 



SEQUENCE LISTING 
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SEQ ID JlO: 1 
SEQUENCE^ LENGTH : 
SEQUENCE VrYPE : amino acid 
TOPOLOGY : \ linear 
SEQUENCE DESCRIPTION: 

Lys Leu ThrVhr lie Phe Pro Leu Asn Trp Lys Tyr Arg Lys Ala Leu 
1 \ 5 10 15 

SEQ ID NO: 2 
SEQUENCE LENGTH: 2 7 
SEQUENCE TYPE: \amino acid 
TOPOLOGY: linekr 
SEQUENCE DESCRIPTION: 

Gly Asn Gly Val Mai Ser Ala Trp Glu Ala Glu Gly Ala Lys Ser Gly 

1 \5 10 15 

Ser Gly Leu Thr Arg Ala Tyr Thr His Val Pro 
20 \ 25 

SEQ ID NO: 3 
SEQUENCE LENGTH: It 
SEQUENCE TYPE: ami^o acid 
TOPOLOGY: linear 
SEQUENCE DESCRIPTION 

Pro Ser Cys Gin Trp Val Gin Ala Pro Ala Cys Gin 
1 5 m 10 



